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(54) A semiconductor device having an anti-reflective layer and a method of manufacture thereof 



(57) The present invention, in one embodiment pro- 
vides for use in a semiconductor device having a metal 
or dielectric layer located over a substrate material, a 
method of forming an anti-reflective layer on the metal 
layer and a semiconductor device produced by that 
method. The method comprises the steps of forming a 
dielectric layer, such as an amorphous silicon, of a pre- 
determined thickness on the metal layer or dielectric and 
forming a gradient of refractive indices through at least 
a portion of the predetermined thickness of the dielectric 
layer by an oxidation process to transform the dielectric 



layer into an ant i- reflective layer having a radiation ab- 
sorption region and a radiation transmission region. In 
advantageous embodiments, the dielectric layer may be 
a substantially amorphous, non-stacked silicon layer. 
Additionally, the thickness of the dielectric layer may 
range from about 4.5 nm to about 150 nm. Moreover, in 
other embodiments, the method may include the step of 
doping the dielectric layer with a dopant, such as Boron. 
In one aspect of this particular embodiment, the dopant 
may comprise from about 0.5% to about 1 .0% by weight 
of the dielectric layer. 




BNSDCCID: <EP. 



_090t156A2_l_> 



EP0 901 156 A2 



2 



Description 

Technical Field of the Invention 

[0001] The present invention is directed, in general, s 
to method of semiconductor fabrication, and more spe- 
cifically to a method of using a hardmask to form an 
opening in a semiconductor substrate. 

Background of the Invention 

[0002] It is well known that microcircuit fabrication re- 
quires precisely controlled quantities of impurities be in- 
troduced into very small regions of the silicon substrate, 
which are subsequently interconnected to create com- 
ponents and very large scale integration (VLSI) or ultra 
large scale integration (ULSI) circuits. Equally well 
known is that the patterns that define such regions are 
typically created by optical lithographic processes, 
which involve the use of a mask and radiation, such as 
ultraviolet light, electrons or x-rays, to expose a pattern 
in the photo resist material. The exposed patterns in the 
photo resist are formed when the wafer undergoes the 
subsequent development step, and protect the sub- 
strate regions that they cover. Locations from which 
photo resist has been removed can then be subjected 
to a variety of subsequent processing steps. 
[0003] In today's sub-micron technologies, the de- 
gree of resolution that can be achieved by such litho- 
graphic processes is an important factor in consistently 
printing minimum size images. Thus, the fabrication of 
increasingly smaller features on VLSI relies on the avail- 
ability of increasingly higher resolution lithography 
equipment or processes. This higher resolution may be 
achieved in several ways. For example, the illuminating 
wavelength can be decreased, or the numerical aper- 
ture of the system lens can be increased. The contrast 
of the photo resist can also be increased, by modifying 
the photo resist chemistry, by creating entirely new re- 
sists, or by using contrast enhancement layers, which 
allows a smaller modulation transfer function to produce 
adequate images. Alternatively, the coherence of the 
optical system can be adjusted. 
[0004] The degree of resolution has become even 
more critical in sub-micron circuits with features less 
than 0.5|im. As features sizes have become smaller dif- 
ficulty in controlling the appropriate amount of photo re- 
sist exposure has increased due to stray light problems 
associated with patterning these smaller features. In 
some cases, over exposure of the desired photo resist 
area may occur, and in other cases : under exposure of 
the photo resist area may occur. In either case, critical 
dimension (CD) line width control becomes more diffi- 
cult. 

[0005] Optical lithography for deep sub-micron inte- 
grated circuits with feature sizes less than 350 nm 
(0.35jim) requires shorter wavelength exposure (365 
nm or 248 nm) of the photo resist materials used for de- 



fining circuits. The use of shorter wavelengths, where 
the photo resist material is transparent, results in a sig- 
nificant pattern resolution dependence on substrate re- 
flectivity of the stray light. Accurate critical dimension 
(CD) line width control, therefore, requires nullifying the 
stray light from the reflective substrate. 
[0006] To reduce the amount of strayJight, organic 
and inorganic anti-reflective coatings (ARC) and anti- 
reflective layers (ARL) have been developed. The or- 
ganic materials are typically spin coated onto the sub- 
strate, resulting in a planar ization of previously defined 
circuit features. This planarizatbn effect, however, re- 
sults in significant thickness variations and difficulties in 
pattern transfer (i.e., etching). The inorganic ARC and 
ARL materials are typically silicon rich amorphous sili- 
con-oxy -nitride deposited by plasma enhanced chemi- 
cal vapor deposition using silane nitrous-oxide chemis- 
try. While the resultant inorganic material has conformal 
step coverage for improved pattern transfer perform- 
ance, it, as well as the organic material discussed 
above, contains amine groups in their matrix, which are 
not compatible with most deep ultraviolet (248 nm) pho- 
to resist materials. 

[0007] Nevertheless, silicon rich silicon oxy-nitride 
thin films are gaining interest for use as an ARC for en- 
hanced lithography performance in the Mine (365 nm) 
and the deep ultraviolet light regime (248 nm). These 
silicon oxy-nitride (SiON) thin films involve basically two 
schemes, namely an interference scheme and a total 
absorbance scheme. The interference scheme uses 
phase shift cancellation by tuning the film thickness and 
optical properties so that the wave length of the reflected 
light is out of phase with the source light. The total ab- 
sorbance scheme uses a layered film where the optical 
properties of the top layer are tuned to match those of 
the photo resist, the bottom layer's optical properties are 
tuned for high absorbance, and the middle layer(s) is a 
transition layer. The optical properties of SiON are var- 
ied by adjusting the deposition chemistry for the bottom, 
middle, and top layers, respectively While these 
schemes can work quite well to reduce the amount of 
stray light, they do require extremely tight control of the 
deposition chemistry and resultant film thickness and 
thickness uniformity, all of which can be difficult to 
achieve. 

[0008] According to one aspect of the present inven- 
tion, there is provided for use in a semiconductor device 
having a metal or dielectric or layer located over a sub- 
strate material, a method of forming an anti-reflective 
layer on said metal or dielectric layer, comprising the 
steps of: forming a dielectric layer of a predetermined 
thickness on said metal or dielectric layer; and forming 
a gradient of refractive indices through at least a portion 
of said predetermined thickness of said dielectric layer 
by an oxidation process to transform said dielectric layer 
into an anti-reflective layer having a radiation absorption 
region and a radiation transmission region. The step of 
forming a gradient can include the step of forming an 
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inner refractive index region adjacent said metal or die- 
lectric layer and an outer refractive index region on 
which semiconductor materials may be deposited, said 
outer refractive index region having an index of refrac- 
tion differing from said inner refractive index region. The 
step of forming can include the steps of forming an inner 
refractive index region that absorbs radiation passed 
therethrough and forming an outer refractive index re- 
gion that substantially transmits radiation therethrough. 
The step of forming an inner refractive index region can 
include forming a refractive index region that has a re- 
fractive index of about 3.0, an extinction coefficient of 
about 1 and a band gap ranging from about 1 to about 
2 and forming an outer refractive index region that has 
a refractive index of about 1 .8 and a band gap that rang- 
es from about 2 to about 4. The step of forming a die- 
lectric layer can include the step of depositing said die- 
lectric layer such that it forms a substantially amor- 
phous, non-stacked silicon layer. The oxidation process 
can include the step of subjecting said dielectric layer to 
a de-ionized water ultrasonic spray. The step of subject- 
ing can further include subjecting said dielectric layer 
under a pressure of about 20 pounds per square inch 
and at a temperature of about 25° C for about 30 sec- 
onds. The oxidation process can include the step of sub- 
jecting said dielectric layer to an atmosphere of about 
98% nitrogen and about 2% oxygen at a temperature of 
about 800°C for about 20 minutes. The oxidation proc- 
ess can also include the step of subjecting said dielectric 
layer to an atmosphere of about 88% oxygen and about 
12% ozone at a temperature of about 350°C for about 
1 minute. The step of forming said dielectric layer can 
include doping said dielectric layer with a dopant. The 
dopant can comprise from about 0.5% to about 1 .0% by 
weight of said dielectric layer. The dopant can be Boron. 
The step of forming said dielectric layer can also include 
forming said dielectric layer to a thickness ranging from 
about 4.5 nm to about 150 nm. 

[0009] According to another aspect of the present in- 
vention, there is provided a semiconductor device hav- 
ing a substrate material with a metal layer thereon, com- 
prising: a dielectric layer of a predetermined thickness 
on said metal layer, said dielectric layer at least partially 
oxidized therethrough to form a gradient of refractive in- 
dices through at least a portion of said predetermined 
thickness, said gradient further having a radiation ab- 
sorption region and a radiation transmission region. The 
dielectric layer can be a substantially amorphous, non- 
stacked silicon layer. The dielectric layer can be oxi- 
dized with a de-ionized water ultrasonic spray. The die- 
lectric layer can be oxidized under a pressure of about 
20 pounds per square inch and at a temperature of 
about 25° C for about 30 seconds. At least a portion of 
said predetermined thickness of said dielectric layer can 
be oxidized in an atmosphere of about 98% nitrogen and 
about 2% oxygen at a temperature of about 800° C for 
about 20 minutes; and/or can be oxidized in an atmos- 
phere of about 88% oxygen and about 12% ozone at a 



temperature of about 350°C for about 1 minute. The di- 
electric layer can include a dopant. The latter can com- 
prise from about 0.5% to about 1 .0% by weight of said 
dielectric layer. The dopant can be Boron. The dielectric 
s layer can have a thickness ranging from about 4.5 nm 
to about 1 50 nm. 

[0010] To address the deficiencies of prior art meth- 
ods, the present invention, in one embodiment provides 
for use in a semiconductor device having a metal or di- 
w electric layer located over a semiconductor substrate 
material, a method of forming an anti-reflective layer on 
the metal or dielectric layer. The method comprises the 
steps of forming a dielectric layer of a predetermined 
thickness on the metal layer and forming a gradient of 
15 optical properties (refractive indices, extinction coeffi- 
cient and band gap) through at least a portion of the pre- 
determined thickness of the dielectric layer by an oxida- 
tion process to transform the dielectric layer into an anti- 
reflective layer having a radiation absorption region and 
20 a radiation transmission region. In advantageous em- 
bodiments, the dielectric layer may be a substantially 
amorphous, non-stacked silicon layer. Additionally, the 
thickness of the dielectric layer may range from about 
4.5 nm to about 1 50 nm. Moreover, in other embodi- 
es ments, the method may include the step of doping the 
dielectric layer with a dopant, such as Boron. In one as- 
pect of this particular embodiment, the dopant may com- 
prise from about 0.5% to about 1.0% by weight of the 
dielectric layer. 

30 [0011] The step of forming the dielectric layer may in- 
clude the step of depositing an amorphous dielectric lay- 
er that has an inner region adjacent the metal or dielec- 
tric layer and an outer region on which semiconductor 
materials may be deposited. Additionally, the step of 

35 forming a gradient includes the step of forming an inner 
refractive index region adjacent the metal or dielectric 
layer and an outer refractive index region on which sem- 
iconductor materials may be deposited wherein the out- 
er refractive index region has an index of refraction dif- 

40 fering from the inner refractive index region. In another 
aspect, the outer region may be formed in such a way 
that it transmits radiat bn and the inner region may be 
formed in such a way that is absorbs radiation. This par- 
ticular embodiment thus provides an anti-ref lectrve layer 

45 with a gradient that enhances pattern resolution. 

[0012] In one embodiment, the step of forming an in- 
ner refractive index region includes forming refractive 
index region that has a refractive index ol about 3.0, an 
extinction coefficient of about 1 and a band gap ranging 

50 from about 1 to about 2 and forming an outer refractive 
index region that has a refractive index of about 1 .8 and 
a band gap that ranges from about 2 to about 4. 
[0013] In another embodiment, the oxidation process 
includes the step of subjecting the dielectric layer to a 

55 de-ionized water ultrasonic spray. In one aspect of this 
particular embodiment, the step of subjecting includes 
subjecting the dielectric layer under a pressure of about 
20 pounds per square inch and at a temperature of 
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about 25° C for about 30 seconds. 
[0014] In yet another embodiment, the oxidation proc- 
ess may include the step of subjecting the dielectric lay- 
er to an atmosphere of about 98% nitrogen and about 
2% oxygen at a temperature of about 800°C for about 
20 minutes, and in yet another embodiment, the oxida- 
tion process includes the step of subjecting the dielectric 
layer to an atmosphere of about 88% oxygen and about 
12% ozone at a temperature of about 350°C for about 
1 minute. 

[0015] In another aspect, the present invention pro- 
vides a semiconductor device having a substrate mate- 
rial with a metal or dielectric layer thereon. In one par- 
ticular embodiment, the semiconductor device includes 
a dielectric layer of a predetermined thickness on the 
metal layer wherein the dielectric layer is at least par- 
tially oxidized therethrough to form a gradient of refrac- 
tive indices through at least a portion of the predeter- 
mined thickness. In one advantageous embodiment, the 
dielectric layer is a substantially amorphous, non- 
stacked silicon layer and may have a thickness ranging 
from about 4.5 nm to about 1 50 nm. In yet another as- 
pect, the dielectric layer includes doping the dielectric 
layer with a dopant, such as Boron. The dopant may 
comprise from about 0.5% to about 1 .0% by weight of 
the dielectric layer. 

[0016] In this same particular embodiment, the gradi- 
ent further has a radiation absorption region and a radi- 
ation transmission region. The dielectric layer may in- 
clude an inner refractive index region adjacent the metal 
or dielectric layer and an outer refractive index region 
on which semiconductor materials may be deposited, 
the outer refractive index region having an index of re- 
fraction differing from the inner refractive index region. 
In one aspect of this particular embodiment, the inner 
refractive index regbn substantially absorbs radiation 
passed therethrough and the outer refractive index re- 
gion substantially transmits radiation therethrough. 
[0017] In another embodiment, the semiconductor 
device further includes a photo resist material formed 
on the dielectric layer and the retractive index region of 
the outer refractive index region has a refractive index 
substantially similar to the photo resist material. 
[0018] In one embodiment, the inner refractive index 
region has a refractive index of about 3.0, an extinction 
coefficient of about 1 and a band gap ranging from about 
1 to about 2 and the outer refractive index region has a 
refractive index of about 1 .8 and a band gap that ranges 
from about 2 to about 4. 

[0019] In one embodiment, the dielectric layer is oxi- 
dized with a de-ionized water ultrasonic spray, and in 
one particular embodiment, the dielectric layer is oxi- 
dized under a pressure of about 20 pounds per square 
inch and at a temperature of about 25°C for about 30 
seconds. In another embodiment, however, at least a 
portion of the predetermined thickness of the dielectric 
layer is oxidized in an atmosphere of about 98% nitro- 
gen and about 2% oxygen at a temperature of about 



800* C for about 20 minutes, and in yet another embod- 
iment, at least a portion of the predetermined thickness 
of the dielectric layer is oxidized in an atmosphere of 
about 88% oxygen and about 12% ozone at a temper- 
5 ature of about 350°C for about 1 minute. 

Brief Description of the Drawings 

[0020] For a more complete understanding of the 
10 present invention, reference is now made to the follow- 
ing descriptions taken in conjunction with the accompa- 
nying drawings, in which: 

FIGURE 1 illustrates a schematic cross-sectional 
15 view of a semiconductor device covered by the 
present invention with an anti-reflective layer de- 
posited over the metal or dielectric layer; 
FIGURE 2 illustrates a graph of an aguer electron 
spectroscopy (AES) profile showing the grading of 
20 the anti-reflective layer of the present inventon de- 
posited over silicon dioxide; and 
FIGURE 3 illustrates a graph of an AES profile 
showing the grading of the anti-reflective layer of 
the present invention deposited over titanium ni- 
25 tride. 

Detailed Description 

[0021] Referring initially to FIGURE 1, there is illus- 
30 trated a schematic cross-sectional view of a semicon- 
ductor device 110 covered by the present invention. The 
semiconductor device 110 comprises a substrate 112 
made of conventional semiconductor material such as 
silicon, germanium, or gallium arsenide. As is typical in 
35 such semiconductor devices, the substrate 1 1 2 is selec- 
tively doped to make particular areas conductive. A field 
oxide layer 1 14 is deposited over the substrate 1 1 2 using 
conventional processes and materials, and is over laid 
with a polysilicon layer 116. The polysilicon layer 116 
40 may be deposited using conventional materials and 
deposition processes. In most applications, the polysil- 
icon layer 116 is ultimately formed into a conventional 
gate typically found in such metal oxide semiconductor 
devices that may have a sub-micron size equal to or less 
45 than about 0.35u.m. As previously mentioned, the for- 
mation of the gate can be a very important step in the 
fabrication of such devices. As such, it is equally impor- 
tant that the etching processes that define the gate be 
tightly controlled. A metal layer 118, such as tungsten 
so silicide is shown deposited over the polysilicon layer 
116. As with the polysilicon layer 116, the metal layer 
118 is deposited by conventional process known to 
those of ordinary skill in the art. Following the formation 
of the polysilicon and metal layers 116,118, an anti-re- 
55 flective layer or coating is deposited in a manner as ex- 
plained below. The phrase "anti-reflective layer" is a 
term known to those of ordinary skill in the art, and it is 
therefore understood that the layer does not reflective 
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or absorb a!) radiation, but reflects or absorbs a substan- 
tial portion of the radiation associated with the exposure 
process of the photo resist. 

[0022] In an advantageous embodiment, the anti-re- 
flective layer or coating may be a dielectric layer 1 20 
that is formed on the metal layer 118. The dielectric layer 
120, in one particular embodiment, may be comprised 
of a substantially amorphous or non-crystalline, silicon, 
and in a further aspect, the dielectric layer 1 20 may be 
a non-stacked amorphous silicon that is formed to a pre- 
determined thickness, which may range from about 4.5 
nm to about 150 nm. The dielectric layer 120 of the 
present invention is non-stacked as opposed to the anti- 
reflective layers that are formed from conventional 
stacked layers of differing materials. As mentioned pre- 
viously, stack schemes require extremely tight control 
of the deposition chemistry and resultant film thickness 
and thickness uniformity. With the non-stacked config- 
uration, a film comprising a single film may be deposited 
as the anti-reflective layer. As such, the film thickness 
and thickness uniformity can be more easily controlled. 
[0023] In an advantageous embodiment, the dielec- 
tric layer 1 20 is formed from a physical vapor deposition 
process under an argon or nitrogen gas flow, at about 
150 watts of radio frequency power, a pressure of about 
10 milliTorr, and at room temperature. The deposition 
rate achieved from this particular scheme is about 0.2 
nm/sec that can be used to achieve a thickness ranging 
from about 4.5 nm to about 150 nm. The thickness of 
the deposited dielectric layer 1 20 and the subsequent 
oxidation, which is discussed below, is a function of the 
desired optical absorbance. The value of this function- 
ality is that the process latitude and longevity it affords. 
With small changes to deposition or oxidation time, the 
dielectric layer 1 20 can easily be tuned for specific li- 
thography application. Furthermore, the deposition and 
oxidation rates are physical constants that can be used 
to yield a robust and manufacturable process. 
[0024] While specific parameters have been dis- 
cussed above with respect to an advantageous embod- 
iment, those skilled in the art will understand that any of 
the above parameters may be varied in various ways to 
achieve different rates of deposition and layer thickness. 
[0025] Furthermore, the process regime for forming 
the dielectric layer 120 may be quite broad and should 
not be limited to the particular above-discussed advan- 
tageous embodiment. For example, chemical vapor 
deposition (CVD) of insitu doped or undoped amor- 
phous silicon using silane or dichloro-siiane at temper- 
atures from about 550°C to 600°C may be also used, 
as well as other deposition processes known to those 
skilled in the art. 

[0026] The dielectric layer 120, which forms the anti- 
reflective layer may further include a dopant, such as 
Boron or some other Group III or V (previous IUPAC 
designation) element from the periodic chart. In an ad- 
vantageous embodiment the dopant comprises from 
about 0.5% to about 1.0% by weight of the dielectric lay- 



8 

er 120. The dopant enhances the oxidation rate of the 
dielectric layer 120. 

[0027] Once the dielectric layer 1 20 is formed over the 
metal layer 1 18. it is then at least partially oxidized there- 

5 through to form a gradient of refractive indices through 
at least a portion of the predetermined thickness. The 
gradient has a radiation absorption region and a radia- 
tion transmission region. During the oxidation process, 
the dielectric layer 120 is graded by oxidation from the 

io top surface downward into the dielectric layer 120. The 
rate of oxidation may be altered by the addition of the 
dopant, and in a particular embodiment, the rate of ox- 
idation increases with an increase in the percentage of 
dopant present in the dielectric layer 120. 

is [0028] In one embodiment, the oxidized dielectric lay- 
er 120 includes an inner refractive index region 122, 
which is that portion just below the dashed lines, adja- 
cent the metal layer 118 and an outer refractive index 
region 124, which is that portion just above the desig- 

20 nated by dashed lines, on which semiconductor materi- 
als, such as a photo resist 126 may be deposited. In 
such embodiments, the outer refractive index region 
124 has an index of refraction differing from the inner 
refractive index region 122. It should be noted that the 

2B region designations are for illustration purposes only 
and that the respective thicknesses of the regions may 
vary, depending on the application. In this particular em- 
bodiment, the inner refractive index region 1 22 substan- 
tially absorbs radiation passed therethrough and the 

30 outer refractive index region 1 24 substantially transmits 
the radiation therethrough. The outer refractive index re- 
gion 124 may have a refractive index substantially sim- 
ilar to the photo resist material 1 26; that is, the refractive 
indices of these two layers are such that radiation is sub- 

35 stantially transmitted from the photo resist 126 into the 
outer refractive index region 124 without substantial re- 
flection. 

[0029] For example, in one particular embodiment, 
the inner refractive index region 122 may have a refrac- 

40 tive index of about 3.0, an extinction coefficient of about 
1 and a band gap ranging from about 1 to about 2 and 
the outer refractive index region 124 may have a refrac- 
tive index of about 1 .8 and a band gap that ranges from 
about 2 to about 4 with the photo resist material 1 26 hav- 

45 jng a refractive index of about 1 .8 as well. The refractive 
indices and extinction coefficient values recited above 
are measured at 365 nm. Those who are skilled in the 
art will, of course, understand that these values change 
depending on the wave length at which they are meas- 

so ured. 

[0030] The method of oxidation used to form the gra- 
dient with the dielectric layer 1 20 may includes various 
methods. For example, the oxidation may be achieved 
by subjecting the semiconductor wafer to a de-ionized 
55 water ultrasonic spray, which in one embodiment, may 
include oxidizing the dielectric layer under a pressure of 
about 20 pounds per square inch and at a temperature 
of about 25°C for about 30 seconds, or alternatively, for 
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20 minutes in an atmosphere of about 98% nitrogen and 
about 2% oxygen at a temperature of about 800° C. An- 
other method of oxidization includes oxidizing the die- 
lectric layer in an atmosphere of about 88% oxygen and 
about 12% ozone at a temperature of about 350°C for 
about 1 minute. Yet another method includes oxidizing 
the dielectric layer by placing the semiconductor wafer 
on which it is deposited in de-ionized water at room tem- 
perature (i.e., ~25°C) for about one hour. Other oxida- 
tion schemes apparent to those of ordinary skill in the 
art may also be used. The oxidation rate of the dielectric 
layer 118 may be different for each of these methods. 
For example, the ozone/oxygen method may have the 
highest rate, and the submersion in room temperature 
water may be the slowest. The various oxidation rates 
of these different methods will be useful in preparing 
graded films of different thickness; e.g., a thick graded 
film may use a faster oxidation scheme and a thinner 
graded film may use a slower oxidation schemes. 
[0031] Turning now to FIGURE 2, there is illustrated 
a graph of an AES profile showing the grading of the 
above-discussed dielectric layer 120. In this instance, 
the anti-reflective layer 120 (the thickness of which is 
represent by the dashed *ARC" line) is an amorphous 
silicon that has been deposited over a typical layer of 
silicon dioxide using the previously -discussed physical 
vapor deposition method. They-axrs shows the percent- 
age of oxygen or silicon present, and the x-axis repre- 
sents sputter time in minutes, which equates to thick- 
ness of the dielectric layer. As seen from the graph, the 
outer or surface region of the anti-reflective layer 120 is 
silicon oxide, which is comprised from about 70% silicon 
and 30% oxygen. However, in its middle portion, the 
concentration of silicon increases to about 96%, while 
the concentration of oxygen decreases to about 4%. 
This indicates that the outer regions is transitioning from 
a silicon oxide composition, which transmits the radia- 
tion to an amorphous silicon, inner region, which ab- 
sorbs the radiation. 

[0032] Turning now FIGURE 3, there is illustrated a 
graph of an AES profile showing the grading of the 
above -discussed anti- reflective layer 120 that is depos- 
ited over a titanium nitride layer. This graph illustrates 
the same oxidization scheme illustrated in FIGURE 2. 
In other words, the top or outer portion of the anti-reflec- 
tive layer, in this embodiment, is comprised substantially 
of silicon oxide and the inner portion is comprised sub- 
stantially of amorphous silicon. The optical properties of 
silicon oxide portion of the anti-reflective layer are quite 
similar to those of the photo resist (i.e., their refractive 
indices are substantially similar), which allows the radi- 
ation, such as light, to traverse the interface between 
the photo resist and the silicon oxide and pass deeper 
into the non -oxidized dielectric layer (e.g., the amor- 
phous silicon portion). The amorphous silicon portion 
has a very different refractive index from the silicon ox- 
ide that allows it to gradually absorb the radiation such 
that a substantial portion is not reflected from the under- 



lying titanium nitride layer. Thus, this gradual transition 
from silicon oxide to amorphous silicon provides a grad- 
ed film that can be easily tuned for excellent absorbing 
characteristics and enhanced lithography results. 

5 [0033] From the foregoing, it is seen that the present 
invention, in advantageous embodiments, provides a 
method of forming an anti-reflective layer on the metal 
or dielectric layer and a semiconductor manufactured in 
accordance with that method. The method comprises 

10 the steps of forming a dielectric layer of a predetermined 
thickness on the metal or dielectric layer and forming a 
gradient of refractive indices through at least a portion 
of the predetermined thickness of the dielectric layer by 
an oxidation process to transform the dielectric layer into 

15 an anti-reflective layer having a radiation absorption re- 
gion and a radiation transmission region. In advanta- 
geous embodiments, the dielectric layer may be a sub- 
stantially amorphous, non-stacked silicon layer having 
thicknesses ranging from about 4.5 nm to about 1 50 nm. 

20 Moreover, in other embodiments, the method and de- 
vice may include dopants formed within the dielectric 
layer that may comprise from about 0.5% to about 1 .0% 
by weight of the dielectric layer. 

[0034] The foregoing has outlined, rather broadly, 
2S preferred and alternative features of the present inven- 
tion so that those skilled in the art may better understand 
the detailed description of the invention as stated herein. 
Moreover, those skilled in the art should appreciate that 
they can readily use the disclosed conception and spe- 
30 cific embodiment as a basis for designing or modifying 
other structures for carrying out the same purposes of 
the present invention. Those skilled in the art should al- 
so realize that such equivalent constructions do not de- 
part from the spirit and scope of the invention in its 
35 broadest form. 



Claims 

40 1. For use in a semiconductor device having a metal 
or dielectric or layer located over a substrate mate- 
rial, a method of forming an anti-reflective layer on 
said metal or dielectric layer, comprising the steps 
of: 

45 

forming a dielectric layer of a predetermined 
thickness on said metal or dielectric layer; and 
forming a gradient of refractive indices through 
at least a portion of said predetermined thick- 
so ness of said dielectric layer by an oxidation 

process to transform said dielectric layer into 
an anti -reflective layer having a radiation ab- 
sorption region and a radiation transmission re- 
gion. 

55 

2. The method as recited in Claim 1 wherein said step 
of forming a dielectric layer includes the step of de- 
positing an amorphous silicon dielectric layer that 
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has an inner region adjacent said metal or dielectric 
layer and an outer region on which semiconductor 
materials may be deposited. 

The method as recited in Claim 1 wherein said step 5 
of forming a gradient includes the step of forming 
an inner refractive index region adjacent said metal 
or dielectric layer and an outer refractive index re- 
gion on which semiconductor materials may be de- 
posited, said outer refractive index region having an M> 
index of refraction differing from said inner refrac- 
tive index region. 

The method as recited in Claim 3 wherein said step 
of forming said outer refractive index region in- is 
eludes forming an outer refractive index region hav- 
ing a refractive index substantially similar to a photo 
resist material deposited thereon. 

The method as recited in Claim 3 wherein said slep 20 
of forming includes the steps of forming an inner re- 
fractive index region that absorbs radiation passed 
therethrough and forming an outer refractive index 
region that substantially transmits radiation there- 
through. 25 

A semiconductor device having a substrate material 
with a metal layer thereon, comprising: 

a dielectric layer of a predetermined thickness 30 
on said metal layer, said dielectric layer at least 
partially oxidized therethrough to form a gradi- 
ent of refractive indices through at least a por- 
tion of said predetermined thickness, said gra- 
dient further having a radiation absorption re- 35 
gion and a radiation transmission region. 

The semiconductor device as recited in Claim 6, 
wherein said dielectric layer includes an inner re- 
fractive index region adjacent said metal or dielec- 40 
trie layer and an outer refractive index region on 
which semiconductor materials may be deposited, 
said outer refractive index region having an index 
of refraction differing from said inner refractive in- 
dex region. 45 

The semiconductor device as recited in Claim 7, 
wherein said inner refractive index region substan- 
tially absorbs radiation passed therethrough and 
said outer refractive index region substantially so 
transmits said radiation therethrough. 

The semiconductor device as recited in Claim 6, 
wherein said semiconductor device further includes 
a photo resist material formed on said dielectric lay- ss 
er and said refractive index region of said outer re- 
fractive index region has a refractive index substan- 
tially similar to said photo resist material. 



10. The semiconductor device as recited in Claim 6, 
wherein said inner refractive index region has a re- 
fractive index of about 3.0. an extinction coefficient 
of about 1 and a band gap ranging from about 1 to 
about 2 and said outer refractive index region has 
a refractive index of about 1.8 and a band gap that 
ranges from about 2 to about 4. 
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vides for use in a semiconductor device having a metal 
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method of forming an anti-reflective layer on the metal 
layer and a semiconductor device produced by that 
method. The method comprises the steps of forming a 
dielectric layer, such as an amorphous silicon, of a pre- 
determined thickness on the metal layer or dielectric and 
forming a gradient of refractive indices through at least 
a portion of the predetermined thickness of the dielectric 
layer by an oxidation process to transform the dielectric 



layer into an anti- reflective layer having a radiation ab- 
sorption region and a radiation transmission region. In 
advantageous embodiments, the dielectric layer may be 
a substantially amorphous, non-stacked silicon layer. 
Additionally, the thickness of the dielectric layer may 
range from about 4.5 nm to about 150 nm. Moreover, in 
other embodiments, the method may include the step of 
doping the dielectric layer with a dopant, such as Boron. 
In one aspect of this particular embodiment, the dopant 
may comprise from about 0.5% to about 1 .0% by weight 
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